Introduction
============

In general, when a patient presents with clinical manifestations associated with autoimmune condition, the first test advised is antinuclear antibody (ANA) [@JR_1] that serve as the serological hallmarks of autoimmunity. [@JR_2] The ANA attack self-proteins within cell nucleus structures, now encompassing nuclear envelope components, mitotic spindle apparatus, cytosol, cytoplasmic organelles, and cell membranes. [@JR_3] Their presence in serum may indicate either a systemic autoimmune disease like systemic lupus erythematosus (SLE), scleroderma and polymyositis/dermatomyositis, or an organ-specific condition like autoimmune thyroiditis and hepatitis. [@JR_2] Identification of ANA patterns and their target antigen on the basis of variable cellular staining pattern can be correlated to specific autoimmune disease as part of diagnostic clinical immunology. [@JR_2] [@JR_4] Although a collection of tests are available for ANA detection, the indirect immunofluorescence (IIF)-ANA on HEp-2 cells remains the gold standard. [@JR_5]

The autoimmune disorders are responsible for considerable morbidity and mortality in Western countries, with prevalence of 3 to 5%. However, the condition in Asian countries like India is still blurred because only a few studies on individual diseases have been undertaken. [@JR_6] Thus, the present study aims to determine the ANA positivity, study the ANA patterns, and assess their clinical significance in patients afflicted with autoimmune disorders from central India.

Materials and Methods
=====================

In this retrospective cross-sectional data analytic study, we retrieved and reviewed 538 ANA test reports, between January to November, 2018, from the archives of the Department of Biochemistry of a tertiary care center in Central India, irrespective of age and specialty departments.

IIF assay has been positioned as the gold standard for ANA testing by the American College of Rheumatology, with the advent of utilizing a cell-line substrate from human laryngeal carcinoma cells and Hep-2 cells, combined with a primate liver. In our center, ANA in serum was detected using the EUROIMMUN titer-plane technique. The kit comprised of Biochip slides embedded with HEp-20--10/liver (monkey) tissue sections. As per the manufacturer protocol, serum samples were diluted 1:100 with phosphate buffer saline (PBS)-Tween followed by tagging with fluorescein-labeled antihuman globulin. ANA binding to specific antigen leads to a fluorescent emission that was visualized under an inverted fluorescence microscope under 10× and 40× objectives. The fluorescent intensity of each sample was compared with both negative and positive control that were supplied in the kit. The grouping and classification of ANA patterns were as per the ICAP (International Congress on Antinuclear Antibody Patterns) nomenclature. The records that were analyzed were categorized based on demographic factors and clinical information available in the patient requisition forms.

Data Analysis
=============

The data collected was analyzed in IBM SPSS 21. For continuous data, student *t* -test was used, while Chi-square and Fisher exact was done for categorical data. A *p* value less than 0.05 were taken as significant.

Results
=======

Out of the 538 ANA reports that were reviewed, 33% (179) were positive for ANA. Although, the patients belonged from different disciplines of the hospital, general medicine that includes endocrinology contributed to maximum patient load ( [Table 1](#TB_1){ref-type="table"} ).

###### Distribution of total and positive cases across clinical disciplines

  Departments             OPD   IPD   Total (n)   Positive (n)   Positivity %
  ----------------------- ----- ----- ----------- -------------- --------------
  General medicine/endo   175   60    235         74             41.34
  Trauma/casualty         7     39    46          18             10.06
  Pediatrics              35    17    52          15             8.38
  Orthopaedics            68    3     71          24             13.41
  Dermatology             43    9     52          21             11.73
  Cardiology              8     0     8           3              1.68
  Neurology               18    1     19          3              1.68
  Pulmonary medicine      21    2     23          11             6.15
  ENT                     8     1     9           4              2.23
  Ophthalmology           11    1     12          3              1.68
  OBG                     5     3     8           1              0.56
  Psychiatry              1     1     2           1              0.56
  Surgery                 0     1     1           1              0.56
  Total                   400   138   538         179 (33%)      100

ANA positivity was maximum in the 30 to 39 age group patient population, mean age being 37 ± 18 years ( *p* \< 0.001) ( [Table 2](#TB_2){ref-type="table"} ). Females were more affected than males in ratio 1:2.8 ( *p* = 0.03). All the age groups had females more positive than males, although the difference was not statistically significant ( [Table 3](#TB_3){ref-type="table"} ).

###### Demographic variables distribution of ANA positivity

  ------------------------------------------------------------------------------------------------
  Demographic variables results   Age\                                Gender\
                                  (years)                             (M/F)
  ------------------------------- ----------------------------------- ----------------------------
  Most positive                   30--39                              Female

  Mean (SD)                       37.47(17.78)                        73.6%

  Statistical test applied        t-test--Levene's test of equality   Chi-square--Fisher's exact

  Value                           49.852                              3.777

  *p* -Value                      \< 0.001                            0.03
  ------------------------------------------------------------------------------------------------

###### Age and gender distribution and association in ANA positivity

  Age group (years)   Male (P/T)   Female (P/T)   Exact sig. (2-sided)   Exact sig. (1-sided)
  ------------------- ------------ -------------- ---------------------- ----------------------
  0--9                2/17         4/12           0.354                  0.194
  10--19              5/23         15/39          0.258                  0.149
  20--29              11/31        25/70          0.825                  0.502
  30--39              8/32         35/91          0.143                  0.096
  40--49              5/23         33/81          0.142                  0.094
  50--59              4/23         9/48           1.000                  0.836
  60--69              4/10         7/16           1.000                  0.588
  70--79              6/10         3/8            0.637                  0.319
  \> 80               2/3          1/1            1.000                  0.750
  Total               47/172       132/366        0.062                  0.033

The different patterns that were found in this study are depicted in [Table 4](#TB_4){ref-type="table"} . The nuclear pattern was the most common (68.7%), and amongst its subtypes, nuclear speckled pattern predominated the results (24%), followed by nuclear homogenous (21.2%); similarly, 18.9% patients had the cytoplasmic pattern, with 8.4% showing the cytoplasmic speckled pattern.

###### Prevalence of different ANA patterns

  Broad pattern                         \(n\)     (%)    Subtypes of pattern    \(n\)     (%)
  ------------------------------------- --------- ------ ---------------------- --------- ---------
  Nuclear                               123       68.7   *Nuclear homogenous*   38        21.2
  *Nuclear speckled*                    43        24.0                                    
  *Nuclear dotted*                      7         3.9                                     
  *Nuclear DFS*                         12        6.7                                     
  *Nuclear nucleolar*                   16        8.9                                     
  *Nuclear coarse speckled*             4         2.2                                     
  *Nucleus nuclear envelope*            2         1.1                                     
  *Nuclear centromere*                  1         0.6                                     
  Cytoplasmic                           34        18.9   *Cytoplasmic AMA*      8         4.5
  *Cytoplasmic speckled*                15        8.4                                     
  *Cytoplasmic fibrillar*               3         1.7                                     
  *Cytoplasmic fibrillar filamentous*   5         2.8                                     
  *Cytoplasmic golgi*                   2         1.1                                     
  *Cytoplasmic rods and rings*          1         0.6                                     
  Mitotic                               15        8.4    *Mitotic spindle*      9         5.0
  *Mitotic intercellular bridge*        3         1.7                                     
  *Mitotic centrosome*                  1         0.6                                     
  *Mitotic chromosomal*                 1         0.6                                     
  *Mitotic NuMa*                        1         0.6                                     
  Mixed                                 7         3.9                           7         3.9
  **Total**                             **179**                                 **179**   **100**

The patient population belonging to the 30 to 39 age group showed positivity for every pattern except nuclear envelope and mitotic intercellular bridge. The nuclear speckled pattern was seen in all age groups and so did the cytoplasmic speckled pattern but in fewer numbers, although with no patients in the 0 to 9 years age group. All the other subpatterns showed sporadic appearances in the different age groups ( [Supplementary Table S1](#SM20025-001){ref-type="supplementary-material"} , online only).

Further, 162 patients were segregated based on available clinical data, symptoms and diagnosis. [Table 5](#TB_5){ref-type="table"} shows the disease spectra versus age group distribution numbers. Most patients were in the 30- to 39-years age group and maximum of them had an underlying skin disorder (acne vulgaris, pemphigus vulgaris, bulous pemphigoid), followed by patients with infections and inflammatory conditions. The next in majority were patients with various rheumatoid diseases with two age peaks, adolescent and young adult. A similar peaking was seen with the hematological conditions. While infections were more common in the adolescents, skin conditions were mostly seen in the early adult age group. Lupus had a homogenous distribution in all age groups till 70 years.

###### Disease spectrum in different age groups

  Diagnosis                              Age groups in years                                                                         
  -------------------------------------- --------------------- -------- -------- -------- -------- -------- -------- -------- ------ -------
                                         0--9                  10--19   20--29   30--39   40--49   50--59   60--69   70--79   \>80   Total
  DLE/SLE                                2                     3        1        1        2        1        1        --       --     11
  Rheumatic disorders                    1                     5        1        5        3        2        --       --       --     17
  Joint pain/swelling                    1                     --       3        3        3        --       1        --       --     11
  Skin disorders                         --                    2        6        7        4        4        --       --       --     23
  Sclerosis/scleroderma                  --                    1        1        1        2        --       --       --       --     5
  Hematological conditions               1                     5        2        6        3        1        --       --       --     18
  Infections/inflammations               4                     6        3        8        1        --       --       --       --     22
  CLD                                    --                    1        1        1        4        2        1        --       --     10
  ILD                                    --                    1        1        --       2        1        --       1        1      7
  Cardiac conditions                     --                    2        1        --       1        2        --       --       --     6
  Nephrotic syndromes                    2                     2        --       0        1        --       --       --       --     5
  Neuro and musculoskeletal conditions   --                    1        5        3        3        1        2        --       --     15
  Hansen's disease                       --                    --       --       --       --       1        --       --       --     1
  Endocrine conditions                   --                    --       --       3        --       --       --       --       --     3
  Miscellaneous                          --                    --       4        2        1        --       --       1        --     8
  **Total**                              11                    29       29       40       30       15       5        2        1      162

ANA positivity was observed in 54.5% patients afflicted with SLE or discoid lupus erythematosus (DLE), with a statistically significant bias toward nuclear homogenous pattern. A similar statistically significant distribution was seen in the rheumatoid disease group with a 38.9% positivity rate, and the skin conditions with a 47.8% positivity rate. The study did not find a positive ANA result in nephrotic syndrome, endocrine disorders, and Hansen's disease. The nuclear speckled pattern was seen in all conditions except in SLE and DLE, but the highest percentage was observed in dermatological disorders. While in all the conditions, ANA positivity was high, it was markedly high in chronic liver diseases (CLD) and interstitial lung diseases (ILD), which also showed positivity for certain uncommon patterns ( [Supplementary Table S2](#SM20025-001){ref-type="supplementary-material"} , online only).

Discussion
==========

Autoimmune serology is an important diagnostic tool in a clinical setup in which the ANA is certainly one of the most frequently requested tests in India. [@JR_7] The introduction of human cancer cell lines, Hep-2, as a substrate for the ANA test significantly increased the sensitivity, which however often leads to high-false positive rates, making the interpretation for true positive difficult. This was solved by using a biochip that incorporated primate liver with the Hep-2 cells. The high-sensitivity of Hep-2 cells now needed to be confirmed by the response of the primate liver, which brought the rates of false positives down tremendously. [@JR_8]

In a country like India, a laboratory needs adequate, reliable and cheap screening tests. ANA-IIF is not only easy to perform but also cheap. Despite its subjectivity, some of the ANA patterns are specific and are extremely helpful in clinical diagnosis. [@JR_9] With the rise in prevalence of autoimmune disorders in India and scarce documentation of prevalence, any information about their occurrence and clinical significance could be beneficial.

The present study was a patient-based study, and the first study of its kind in central India. ANA test reports of 538 patients were revisited, evaluating the ANA positivity status with the help of IIF on Hep-2 cell lines and primate liver. An ANA positivity rate of 33% was found. Only two other studies have been undertaken in India, in Bangalore by Sebastian et al [@JR_8] and in Chandigarh by Minz et al. [@JR_6] Although the frequency of positivity in Bangalore was similar to the present study, Chandigarh showed a lesser positivity ( [Table 6](#TB_6){ref-type="table"} ). Similar hospital-based studies done in Turkey by Zafer et al [@JR_9] and Sener et al [@JR_10] and in Belgium by Peene et al [@JR_7] had lesser positivity rate compared with present study. Although the results of these studies cannot be considered as prevalence, yet an estimation of disease burden can be made. However, the population-based studies showed mixed results wherein Akmatov et al in Germany [@JR_4] and Chanwit et al in Thailand [@JR_11] found ANA positivity rate to be 33% and 39.6%, respectively, while Guo et al [@JR_12] in China and Satoh et al [@JR_2] in the USA demonstrated much lower prevalence. The results contradict the fact that ANA and, in turn, autoimmunity is seen more in Western countries than in India, which could have been a result of previous poor screening facilities. Strikingly, a regional difference is found in India itself, which may be due to climatic variation, genetic variation, and controlling the different molecular mechanisms of autoimmunity, as explained by Atassi et al. [@JR_13] This leaves scope and requirement for further analysis of autoimmunity in the country in different cultures and sects.

###### Comparing studies done in India and worldwide

  Author                    Place of study      Study design       Sample size   ANA prevalence   Age               Male vs female          Most common ANA pattern
  ------------------------- ------------------- ------------------ ------------- ---------------- ----------------- ----------------------- -------------------------
  Present study             Raipur, India       Patient-based      536           33%              37 ± 18           Female 73.6%            Nuclear speckled
  Akmatov et al [@JR_4]     Germany             Population-based   1199          33%              49(38--60)        Female 56.2%            Nuclear Speckled
  Minz et al [@JR_5]        Chandigarh, India   Patient-based      650           18.9%            42 (20--50)       Female 75.9%            Nuclear speckled
  Sener et al [@JR_10]      Turkey              Patient-based      19996         21.9%            --                --                      Nuclear homogenous
  Sebastian et al [@JR_8]   Bangalore, India    Patient-based      5066          38.2%            --                --                      Nuclear homogenous
  Zafer et al [@JR_9]       Bolo, Turkey        Patient-based      3127          15.8%            43 ± 18           Female 74.7%            Nuclear speckled
  Chanwit et al [@JR_11]    Thailand            Healthy controls   58            39.6%            Older age group   Female                  Nuclear speckled
  Guo et al [@JR_12]        China               Population-based   20970         5.9%             32                Female 72.6%            --
  Peene et al [@JR_7]       Belgium             Patient-based      10550         23.5%            --                --                      Nuclear speckled
  Satoh et al [@JR_2]       USA                 Population-based   4754          13.8%            50--59            Female 9.6% vs. 17.8%   Nuclear

Female predominance in the field of autoimmunity is already established, although the reasons remain obscure. [Table 6](#TB_6){ref-type="table"} clearly shows that all the studies including the present found ANA positivity rate higher in the female patient or population group. This dominance could be attributed to estrogen as a potential modifier of autoimmunity, as stated by Parks et al. [@JR_14] Hayter et al included microchimerism-induced autoimmunity and action of X-chromosome encoded genes in the reason too. [@JR_15] The female to male ratio, although biased toward the former, varies in proportion in the age groups. The difference peaks in the young adulthood and middle age, tailing at the other ends ( [Table 3](#TB_3){ref-type="table"} ). This variation was also pointed out in studies by Guo et al [@JR_12] and Chanwit et al. [@JR_11] This result complemented the result of Parks et al, stating that childbearing may play an important role in initial antigen stimulation or breaking tolerance to self-antigens contributing to the development of ANA. [@JR_14]

According to Beeson, as stated in his compilation, [@JR_16] the events of the autoimmune disorders are high in the 20 to 50 age group, while Hayter et al pin pointed the 20 to 29 age group with the highest prevalence of autoimmune disorders. [@JR_15] This corresponds to the higher prevalence of autoimmune disorders ( [Table 5](#TB_5){ref-type="table"} ) and of ANA positivity ( [Supplementary Table S1](#SM20025-001){ref-type="supplementary-material"} , online only) in this group, as seen in present study, with the mean age being 37 ± 18 years. This result was similar to that of Guo et al in China (mean age 32 years). [@JR_12] A higher mean age was reported by Akmatov et al, Minz et al and Zafer et al (49 years, 42 years and 43 years, respectively), [@JR_4] [@JR_6] [@JR_9] while Satoh et al and Chanwit et al found the highest prevalence in the older age group. [@JR_2] [@JR_11] This difference could be accounted to study population composition. The ANA in older people could suggest a senile condition rather than a pathological problem. Despite this age distribution, certain conditions occur more in certain age groups like infections and rheumatic disorders in teenagers, neurological manifestations in old age while ILD in low rate appear equally in all age groups.

The nuclear pattern as a whole is unquestionably the most common in all the studies worldwide. Among this, the nuclear homogenous and nuclear speckled patterns come to the forefront. The nuclear speckled pattern is almost evenly distributed in all age groups except the pediatric group which also does not show nuclear homogenous pattern positivity just like Chanwit et al in Thailand. [@JR_11] The result of present study was similar to study done by Minz et al in Chandigarh and Zafer et al in Turkey, showing high-ANA positivity in SLE and DLE, scleroderma and rheumatoid patients. [@JR_6] [@JR_9] However, the most common pattern associated with SLE was nuclear homogenous in contrast to nuclear speckled in their studies. Minz et al in their article on review of diagnostics in autoimmunity stated that SLE showed positivity for both nuclear homogenous and nuclear speckled. [@JR_5] This was in agreement to Hayter et al who pointed to the possibility of multiple tissue and molecular targets in SLE. [@JR_15] It is often thought that the uncommon patterns have no role to play in diagnosis. However, the present study and studies done by Chanwit et al and Sener et al found the rare ANA patterns in significant number, and also disease conditions associated with them, especially chronic hepatic conditions and carcinoma. [@JR_10] [@JR_11] This supported the extensive study done by Pieter et al on rare ANA patterns, and his conclusion of nuclear envelope and nuclear dot patterns was associated with autoimmune hepatitis and hepatic and colon carcinoma. [@JR_17] The cytoplasmic patterns are also considered nondisease-specific but their significance should not be ignored, as stated by Chanwit et al, since they might as well point to certain undetected conditions. [@JR_11]

This study has certain limitations in terms of adequate clinical data available, lack of reference in neighborhood, and the study design being retrospective. However, its strength lies in the fact that it is the first of its kind in central India, providing an overview of ANA and autoimmunity status in this region..

Conclusion
==========

Young age with dermatological manifestation in SLE was the commonest presentation. Although nuclear speckled was the most frequent pattern, few unusual patterns were also observed. A prospective study is needed to understand not only the epidemiology of autoimmune disorders but also the predictive value of ANA IIF in clinical setup, besides considering the possibility of taking up IIF as a screening tool for autoimmune disorders.
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